Gel filtration and radioimmunoassay were used to determine the molecular size and immunochemical reactivity of parathyroid hormone present in gland extracts, in the general peripheral circulation, and in parathyroid effluent blood (obtained by venous catheterization) from patients with hyperparathyroidism, as well as from calves and from cattle. Hormone secreted in vivo from normal bovine parathyroid glands and from human parathyroid adenomas is similar in size to the 84-amino-acid peptide (molecular weight of 9500) extracted from the parathyroids. However, much of the immunoreactive parathyroid hormone present in the peripheral circulation of man and cattle is smaller than the extracted or secreted hormone; it elutes from gel columns at a position corresponding to a molecular weight of about 7000. The immunological characteristics of extracted and secreted hormone are identical, while hormone in the general circulation is immunologically dissimilar to extracted and secreted hormone. The results indicate that parathyroid hormone secreted from the parathyroids in man and cattle is at least as large as the molecule extracted from normal bovine glands. However, once secreted into the circulation the hormone is cleaved, and one or more fragments, immunologically dissimilar to the originally secreted hormone, constitute the dominant form of circulating immunoreactive hormone.
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Despite recent advances in the structural characterization of parathyroid hormone (extracted from parathyroids) (1) (2) (3) and the synthesis of a biologically active peptide consisting of the first 34 amino acids (5) , recent findings based on radioimmunoassays have suggested that the biosynthesis and secretion, as well as the metabolism, of endogenous parathyroid hormone in man and animals is quite complex and that, in fact, the exact chemical nature of the active circulating form of the hormone is not yet known (3, (6) (7) (8) (9) .
Berson and Yalow reported that plasma parathyroid hormone is immunologically different from hormone extracted from tissue, but the chemical basis of this heterogeneity of plasma hormone could not then be determined (7) . Other workers have subsequently reported finding immunological differences between the parathyroid hormone extracted from the glands and that found either in plasma or secreted into culture medium during incubation of parathyroid tissue (8, 9) . In fact, Arnaud, et al. (6) and Sherwood, et 0.5-ml fractions were collected (flow rate, 8 ml/hr), and 125I and I'll radioactivity were measured simultaneously in a dual-channel gamma-well spectrometer (Packard), with appropriate isotope standards to correct for cross-channel interference. Hormone concentration was determined in 0.1, to 0.4-ml aliquots of each fraction by the radioimmunoassay. Radioimmunoassay. Parathyroid hormone concentrations in plasma samples were measured in multiple dilutions and, in fractions collected from Bio-gel filtrations, measurements were made singly or in duplicate by a sensitive radioimmunoassay based on the bovine hormone (12) . 'S2I-labeled bovine parathyroid hormone (300 Ci/g) was used as a tracer and partly-purified human parathyroid hormone (4) was used as a standard. Guinea pig antisera to bovine parathyroid hormone were used at dilutions of 1: 250,000 (GP-1) and 1: 5,000 (GP-62); thus, a bound-to-free ratio of radioiodinated hormone (B/F) of 0.8-1.2 gave maximum assay sensitivity. Incubations (0.5 ml) were at 4°C in 0.05 M Veronal buffer-0.05% merthiolate-15% (v/v) human plasma, under nonequilibrium conditions, for 6 days (Tracer was added after 3 days of incubation of sample and antiserum, and incubation was continued for an additional 3-4 days). Appropriate incubations of samples without added antiserum were conducted in each assay in order to correct for nonspecific effects due to damage of radioiodinated hormone (16) . (Fig. 1A) eluted slightly earlier than the radioiodinated bovine-hormone marker, whereas much of the immunoreactive parathyroid hormone in the peripheral circulation (1B) eluted later than the marker hormone extracted from the glands. This indicates that the hormone secreted directly from the parathyroid gland is equal to or slightly larger than the 84-amino-acid hormone 4 . Bio-gel P-10 filtration patterns of plasma parathyroid hormone measured by radioimmunoassay with two different antisera; A. GP-1 and B. GP-62. The peripheral plasma sample was obtained during an EDTA infusion from a patient with primary hyperparathyroidism (adenoma). Hormone was measured in aliquots of fractions resulting from a single gel filtration. Symbols and elution markers as in Fig. 1 . Antisera dilutions:
GP-1, 1: 250,000; GP-62, 1: 5,000.
hormone or hormone secreted directly from the gland. This nonparallel response indicates that the hormone in peripheral blood is immunologically dissimilar to the extracted hormone. On the other hand, the parathyroid hormone secreted directly from the gland, before it enters the general circulation, gives a completely parallel response in the assay to the response, given by different amounts of the standard of extracted hormone. Because of this nonparallel response given by the circulating form of the hormone, it is not possible to accurately measure the absolute concentration of parathyroid hormone in peripheral plasma with the extracted hormone as a standard in the immunoassay. Accordingly, the absolute concentrations of peripheral hormone shown on the ordinate scales of Fig. 1 and subsequent figures are relative, rather than absolute.
Elution patterns resulting from gel filtration of plasma obtained from the peripheral circulation of two additional patients with primary hyperparathyroidism are shown in Fig.  3 . These plasmas, which contain peripherally circulating hormone in which most of the hormone elutes late from the gel columns, showed severely nonparallel responses when compared with the extracted hormone in the radioimmunoassay.
We have observed this immunochemical-and size-heterogeneity in peripheral-blood samples from all of the 11 patients thus far examined. The elution positions of hormone in plasma obtained directly from gland effluent blood from. venous catheterization of 14 additional patients ( Fig. 6 and others not shown) were similar to that of the patient in Fig. 1 . These plasma samples all gave completely parallel responses, and were indistinguishable from extracted hormone, upon dilution in the radioimmunoassay.
We have recently developed a second antiserum to parathyroid hormone in a second guinea pig (GP-62), comparable in sensitivity to our standard antiserum (GP-1). These twG antisera recognize different peptide fragments of the hormone with differing affinity. Fig. 4 shows the results of assaying identical aliquots of fractions taken from the same gelfiltration study. The plasma in this study was (Fig. 5) was serially diluted and compared to human parathyroid hormone derived from adenoma extracts. Antisera dilutions: GP-1, 1:250,000; GP-62, 1:5,000. 0-a, plasma; *-_, hormone standard.
GP-1, one identical in elution position to the marker of 84-amino-acid hormone and one smaller, a pattern similar to that seen with other peripheral samples. However, when this plasma is assayed with antiserum GP-62, only the hormore that elutes with the marker is seen; the smaller immunoreactive material is not detected. The immunological behavior of the hormone contained in these plasma samples was compared with extracted hormone by the use of the two different antisera, GP-1 and GP-62. Fig. 5 shows that the plasma hormone is immunologically dissimilar to the extracted hormone when antiserum GP-1 is used, but appears to be similar when antiserum GP-62 is used. These results, which have been confirmed in a similar plasma sample, taken under identical conditions, from a second patient with primary hyperparathyroidism, show that two highly sensitive antisera can differ in their ability to detect immunologically-reactive fragments of the hormone and that this difference affects the slope of the response given by plasma hormone in the assay. Therefore, there could be serious disagreement in the estimation of the concentration of plasma hormone depending on which antiserum is used. In contrast, when plasma samples from thyroid veins that contain hormone recently released from the gland are examined, the slope of response in the immunoassay is identical whether GP-1 or GP-62 antiserum is used. Furthermore (Fig.  6) , only a single peak of immunoreactivity is detected on gel filtration: it appears close to the marker representing the intact polypeptide. The two different antisera are in close agreement when used to estimate the quantity of hormone present. With each antiserum, the slope of response is identical for extracted hormone and thyroid-venous-plasma hormone.
Since these gel filtration studies were all done with plasma obtained from patients with abnormal parathyroid glands, it was important to examine the nature of parathyroid hormone in circulating peripheral and parathyroid venous plasma of normal individuals. Cattle were used. Fig. 7A shows a typical gel-elution pattern of plasma hormone obtained from a small Conditions and symbols as in Fig. 1 . *_, GP-1; 0-C, vein draining the superior parathyroid gland ill a normal calf. The elution pattern of this secreted bovine parathyroid hormone is identical to that of the l25I-labeled bovine hormone. However, a peripheral plasma sample taken from a cow with parturient paresis (a hypocalcemia syndrome accompanied by parathyroid hyperplasia), contained late-eluting, small, immunoreactive hormonal fragments (Fig. 7B) . Similar results were obtained in the several additional cows and calves examined. Thus, the findings in cattle were identical to those in patients with hyperparathyroidism.
We investigated the possibility that changes in the conformation of the hormone molecule occurring after scretion, rather than cleavage to a fragment, might account for the i I 6 1m a. Bio-gel P-10 filtration patterns of parathyroid hormone in A. plasma obtained from superior parathyroid vein draining normal superior parathyroid gland (histologically confirmed) in a calf, and B. from peripheral blood of a cow with parturient paresis. Hormone concentration in calf plasma, 105 ng/ml; cow peripheral plasma, 5 ng/ml. Conditions and symbols as in Fig. 1. late elution of the immunoreactive hormone from the gel columns. However, incubation of the plasma samples in 8 M urea prior to gel filtration did not change the elution positions. Thus, changes in molecular conformation alone appear unlikely as an explanation for the late elution.
Some of the immunoreactive hormone in parathyroid effluent blood from certain parathyroid adenomas (3 of 15 patients, e.g., Figs. 1 and 6 ) eluted from the gel columns earlier than did either intact 84-amino-acid bovine hormone or human parathyroid hormone. Although the explanation for this early elution is uncertain, preliminary evidence also derived from incubation of plasma in 8 M urea before gel filtration suggests that some of the immunoreactive hormone consists of a polypeptide larger than 84 amino acids. Aggregation or protein binding of a smaller hormonal peptide seems to be excluded.
DISCUSSION
Several conclusions can be drawn from these studies about the physical and immunochemical properties of endogenous parathyroid hormone circulating in peripheral blood, as well as the hormone released from the gland both in normal animals and in patients with primary hyperparathyroidism. The hormone circulating in peripheral blood is smaller than the 84-amino-acid hormonal polypeptide extracted from glands, whereas the hormone released from the parathyroids, in vivo (either adenomas or normal glands) is similar in size to the hormone extracted from the glands and is larger in size than the hormone found in peripheral plasma. Therefore, cleavage of the secreted hormone to smaller fragments must occur in peripheral sites after release from the gland, and not, as has been proposed by Sherwood, et al. (8) and Arnaud, et al. (6) from their in vitro studies, by cleavage in the parathyroid gland concomitant with release. We have also found that immunoreactive hormone secreted by parathyroid tissue in vitro is smaller than the stored hormone (3); thus, we must conclude that parathyroid glands, maintained as organ cultures, do not appear to be adequate models for the study of hormone biosynthesis and secretion in vivo.
The present findings have practical implications for the applications of radioimmunoassay studies, in that they may explain the conflicting results reported by different investigators who used immunoassays that employed different antisera. Variable results have been reported concerning the quantity of parathyroid hormone found in plasma either in normal subjects or in patients with hyperparathyroidism. Furthermore, there are apparent disagreements with respect to control of hormone secretion in primary hyperparathyroidism (10, 14, 15) . When one considers that the hormonal fragment or fragments present in blood may be detected by one antiserum but not by a second and, in addition, the fragment(s) may be cleared from the circulation at rates that are different than for the intact, recently-secreted hormone, then entirely different impressions would be gathered concerning not only absolute concentration of hormone, but also rates of hormone disappearance. Therefore, interpretations of data that even concern the control of hormone secretion may depend upon the characteristics of the particular antiserum used.
The presence of hormonal fragments appears to explain the nonparallel responses produced in the radioimmunoassay by parallel slopes with one or more antisera in the radioimmunoassay with most of the peripheral-plasma samples tested, while hormone in blood directly from the parathyroid glands has given, without exception, slopes completely parallel with those of hormone extracted from the glands. One 
